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Aquaculture-based ®sheries enhancement is a set of management approaches involving the release of cultured organisms
to enhance, conserve, or restore ®sheries. Enhancement has a long history, and substantial progress has been made in
key areas of science underpinning the activity. Yet the contribution of enhancements to global ®sheries production has
remained small, and there are few outright 2success stories® Enhancements enter into complex ®sheries systems and, to
be successful, must contribute to a broad set of biological, economic, social, and institutional management objectives. In
doing so, enhancements need to add value to, or outperform, alternative measures such as ®shing regulation or habitat
management. This is possible only under certain conditions and may require transformations in multiple biological-technical

as well as market and institutional attributes of the ®sheries system. | outline a framework for the integrated analysis of
enhancement ®sheries systems and a systematic, transparent, and stakeholder-participatory development process.

Keywords ®sheries enhancement, systems approach, institutional analysis, population dynamics

INTRODUCTION et al., 2008). In this paper, | focus on fundamental attributes
shared by most enhancement ®sheries systems before outlin-

Aquaculture-based ®sheries enhancement is a set of manétfehow different objectives and situations give rise to different
ment approaches involving the release of cultured organitem System design criteria. For simplicity, | refer to all forms of
enhance, conserve, or restore ®sheries. In line with the F@syaculture-based ®sheries enhancements as ®enhancements®
and Agriculture Organization's (FAO) de®nition, “culturedt  and to the target organisms as ®sh.°
ganisms are subject to active husbandry and private owipersh Many of the world's ®sheries are fully exploited or over-
“Fisheries' is the harvesting (only) of organisms that aellh exploited, as well as suffering from effects of aquatic habitat
in some form of common property regime_ Aquacu|ture-ba5é@gl’adati0n. Global capture ®sheries pl’OdUCtiOﬂ is stagnant, a
®sheries enhancements combine partial use of aquaculture tégfaber of formerly productive stocks have collapsed with only
nologies in natural environments with institutional arrangemerlglited evidence of recovery, and ecosystem-level impacts of
that are broadly typical of ®sheries, but often involve strofiomass removal and ®shing gear disturbance have become in-
access controls or property rights. Enhancements are thusdfgasingly evident (Hutchings 2000; Pauly et al., 2002; Hilborn
termediate between aquaculture and ®sheries in terms of Ktl., 2003; Hilborn, 2007b). Besides control of ®shing effortand
technical and human control (Anderson, 2002). This de®nitiBabitat restoration, aguaculture-based enhancement of stocks is
covers a great diversity of aquaculture-based enhancement @g@-third principal means by which ®sheries can be sustained
eries systems (for overviews, see Munro and Bell, 1997; Petpd improved. Aquaculture-based enhancements can, atleastin
1998; Travis et al., 1998; Welcomme and Bartley, 1998; and Bliinciple, generate a range of bene®ts. In biological terms, en-
etal., 2005). A call has been made to develop de®nitions for ditncement can (1) increase yield through manipulation of pop-
ferent types of enhancements and the objectives they serve, ddlgtion and/or food web structure, thus raising ®sheries produc-
as @restocking,® astock enhancement,® and 2sea ranching® (B&Rpn at low external inputs and degree of habitat modi®cation;

(2) aid the conservation and rebuilding of depleted or threat-

Address correspondence to Kai Lorenzen, Division of Biology, Imperi&N€d populations; and (3) provide partial mitigation foo®sys-
College London, Silwood Park, Ascot SL5 7PY, UK. E-mail: k.lorenzen@iem effects of ®shing (Lorenzen, 2005). This may give rise to
imperial.ac.uk economic and social bene®ts, including new opportunities for
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UNDERSTANDING AND MANAGING ENHANCEMENT FISHERIES SYSTEMS 11

®sheries-related livelihoods (Smith et 2D05; Garaway, 2006). 2001). Only in certain systems will enhancements have the po-
Enhancements can also provide incentives for active manatgntial to contribute to management objectives, and, even then,
ment and better governance of common pool resources (Ahanges in multiple attributes of the system may be required
buckle, 2000; Garaway et al., 2006). for this contribution to materialize. Indeed, many enhancement
Aquaculture-based enhancement has been practiced ofswccess stories®are characterized by both conducive initial con-
large scale since the mid-19th century, and transfers of willitions and constructive change in ®shing regimes, and matr-
juveniles probably have a much longer history. Systematic reeting and institutional arrangements in conjunction with the
search on stock enhancement issues probably started in thedalease of cultured organisms. Well-documented examples i
19th century with Johan Hjort's studies on the early life history aflude the Japanese and New Zealand scallop enhancement
marine ®sh, which were at least partly motivated by the Norwg@rummond, 2004; Uki, 2006), Alaska salmon enhancement
gian cod stocking program (Schwach, 1998). Since those ediinkerton, 1994; Heard, 2003), and Asian culture-based lake
days, stock enhancement research has made dramatic prog@siseries (Lorenzen et al., 1998; De Silva, 2003; Garaway, 2006;
A consolidated body of theoretical and empirical knowledg@araway et al., 2006). On the other hand, enhancement initia-
now underpins hatchery production, release strategies, and tiy@s that are poorly integrated into ®sheries systems can con
netic management (Leber et al., 2004). Understanding of pdgbute to management failure by encouraging or compensating
ulation dynamics, ecological interactions, health managemeifat; counterproductive changes in ®shing patterns or for habitat
socioeconomic, and institutional aspects is less mature but degradation (Meffe, 1992; Taylor, 1999). Clearly, the sustain-
veloping rapidly. able development of enhancements requires an understandin
Despite the impressive development of enhancement scientdow releases of cultured ®sh enter into and precipitate inten-
and many, often substantial, release programs, the contributimmal or unintentional modi®cations in ®sheries systems. Here |
of enhancements to global ®sheries production has remainetliine a framework for the integrated analysis of enhancement
small. Yields have been stagnant or even declining, at below gheries systems, review key aspects of the structure and dynar
of the total, over the past decades (Lorenzen et al., 2001). Ttus of such systems, and propose a systematic, transparent, an
contrasts with the remarkable growth of aquaculture over tetakeholder-participatory process to facilitate their sustainable
same period. While some enhancementinitiatives have increadedelopment.
yields, generated economic and social bene®ts, and helped cre-
ate better ®sheries management institutions, only a few such
asuccess stories® have been documented in the scienti®c litera-
ture (Pinkerton, 1994; Lorenzen et al., 1998; Drummond, 200dNDERSTANDING ENHANCEMENT FISHERIES
Uki, 2006; Garaway, 2006). It is thus pertinent to ask why e YSTEMS: A FRAMEWORK
hancements have not made a greater contribution to ®sheries.
| believe there are several contributing factors. Success in ®shThe core challenge in understanding enhancement ®sherie
eries management is measured against an increasingly $gbadystems is to elucidate how the characteristics of the target pop-
of criteria: biological (yield, ecosystem indicators), economiajlation and its environment, ®shing and enhancement technolo-
social, and institutional attributes (Charles, 2001; Garcia agtes, and stakeholder behavior interact and lead to particular
Charles, 2007). Enhancements can score well on a range of otitcomes. Stakeholders determine the choice and application of
teria, but only under certain conditions. These include existit®shing and enhancement technologies, and understanding the
ecological, economic, and social conditions, and technologiastions is thus just as important as understanding the biologi-
and institutional arrangements that are well adapted to thas# processesin uencing enhancement outcomes. Most ®sherie
conditions. Moreover, enhancements need to add value toemhancements are developed in common pool resources, wher
outperform alternative management measures such as ®shersipfitation and replenishment patterns arise from the aggre-
regulation or habitat restoration, which are often either cheaggted behavior of multiple independent resource usersefilis
or provide a wider range of bene®ts. These considerations siigmework for such resource systems has been proposed by Oak
gest that enhancement initiatives need to be assessed, if not posen (1992), based on core ideas of Institutional Analysis and
itively driven from a ®sheries management perspective, ratisign (IAD; Ostrom 1990). The framework has been applied to
than the aquaculture production perspective that has been tr&bheries systems by Pido etal. (1996) and speci®cally to ®sherie
tionally dominant. enhancements by Lorenzen and Garaway (1998). Here | review,
Developing successful enhancements involves far more theatapt, and expand the framework by synthesizing within it our
producing and releasing hatchery ®sh that survive (though thatrent knowledge of the structure and dynamics of enhance-
clearly is important). Enhancements enter into complex ®shenmrsnt ®sheries systems. The suggested framework for analyzing
systems comprising, at a minimum, the enhanced population, #rpiaculture-based enhancement ®sheries systems (Figure 1) h
habitat and ecosystem it depends on, the hatchery operation ttiree main types of attributes: outcomes, patterns of interaction,
®shery (harvesting operation), the markets for inputs and oaitd situational variables. Outcomes are in uenced by the situa-
puts, the stakeholders, and the institutions (rules and regulatiotishal variables via two pathways: physical-biologicagesses
that govern stakeholder behavior (Pido et al., 1996; Charlesd the actions of stakeholders.
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12 K. LORENZEN

Figure 1 Framework for analyzing ®sheries enhancement ®sheries systems, adapted from Oakerson (1992) and Pido et al. (1996). Operational interactions
between elements are shown as solid lines and determine outcomes in the short term when the situational variables are ®xed. In dynamic interactions, shown as

dashed lines, situational variables are modi®ed in response to the outcomes of operational interactions.

Outcomes termined by the prevailing situational variables. Actions are in-
“uenced in a complex way, not only by existing rules but by
Outcomes of resource use are biological (e.g., stock abuie stakeholder's perception of bene®ts to be gained frém fo
dance or production) at the most basic level. Stakeholders attémhing the rules, the degree to which others follow rules, the
values to biological outcomes according to their own objectivéikelihood of getting caught when breaking rules, etc. For ex-
and situations, and thereby translate biological outcomes irtmple, individual ®shers will decide how much effort to expend
bene®ts and costs. In most aquaculture-based ®sheries enhanc®shing in light of the status of stocks (biological attribute),
ments, there are many stakeholdersbfrom ®shers and aquativalue they place on ®shing compared to alternative activities
ture producers to organizations with a general interesbin ¢ (Stakeholder attributes), the market price of ®sh (economic at-
servation. Different stakeholders may have very different okributes), and the rules for resource use as well as the expected
jectives. A broad range of criteria must therefore be considerpenalty for breaking these (institutional attributes) ghgpated
in analyzing an enhancement ®sheries system. An overviewogér all ®shers and a period of time, these decisions de®ne
some criteria is given in Table 1. Charles (2001), Holmlund arttie level of harvesting effort in the ®shery. Patterns of inter-
Hammer (2004), and Hilborn (2007a) discuss such criteria #ction are the aggregation of all the actions taken by iddizi
more detail. stakeholders.

Patterns of Interaction Situational Variables

A key feature of the IAD framework is the recognition that The situational variables are the main attributes of the system
the actions of stakeholders are in uenced but not directly ditat in uence outcomes in the short term: biological attributes

reviews in ®sheries science vol. 16 nos. 1+3 2008
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Table 1 Some criteria and indicators by which outcomes of enhancement of the release may encourage them to increase ®shing effor

may be evaluated

Outcome criteria

Speci®c indicators (examples)

Biological production

Biological resource conservation

Economic bene®ts and costs

Contribution to livelihoods

Institutional sustainability

Broader sustainability

2 Total yield of target species

2 Total yield from ®shery

2 Size distribution of catch

2 Abundance of wild target population

2 Abundance of other wild ®sh
populations

2 Natural productivity of target
population

2 Genetic integrity of target population

2 Food web dynamics

2 Economic rent from the enhanced
®shery

2 Income “ow

2 Costs of management (transaction
costs)

2 Costs of bene®ts from wild ®sh
harvesting foregone

2 Costs of enhancement research

2 Value of information gained from
enhancement experiments
In addition to the above:

2 Equity of bene®ts

2 Health bene®ts

2 Skills and knowledge developed

2 Networks and associations created

2 Trust

2 Access to wider institutions

2 Recreation

unless institutional arrangements are in place to prevent this
(stakeholder behavior). The outcome of these combined effects
could be an increase in yield and an overall reduction in spawner
biomass and spawning potential. Longer-term, dynamic interac-
tions arising in response to this outcome may involve a reduction
in productivity of the natural ®sh population due to the reduced
spawner biomass and reduced average ®tness of the mixed stoc
of cultured and wild ®sh (biological interactions). However, it is
also possible that stakeholders would recognize and respond tc
the undesired short-term outcome by transforming institutional
arrangements so as to limit ®shing effort, and modifying cul-
ture techniques in order to improve the post-release ®tness o
cultured ®sh (stakeholder behavior).

SITUATIONAL VARIABLES, INTERACTIONS, AND
OUTCOMES IN FISHERIES ENHANCEMENTS

I now provide a brief overview of the speci®c situational
variables, interactions, and outcomes commonly observed in
enhancement ®sheries systems. For each situational variable,
describe its main elements and the ways in which these in uence
outcomes through operational interactions, and in turn may be
modi®ed through dynamic interactions. As explained above, in-
teractions in both directions may be directly physicalldgical
or mediated by stakeholder action (patterns of interaction).

2 Persistence of management institutions

2 Rules are followed by stakeholders
2 Rules adapt to changing conditions

2 Resilience of ecosystem maintained orBiological Attributes of the Fish Population

increased

Biological attributes of the ®sh population include its life
cycle, use of space and resources, its population biology, and its

of the ®sh population, technical attributes of ®shing, biologicploitation and conservation status.

and technical attributes of aquaculture production, habitat and

environmental characteristics, attributes of stakeholders, market . )

(supply and demand) attributes, and institutional arrangemerfterational Interactions

Situational variables may themselves be modi®ed by enhancegio|ogical characteristics of the resource in uence outcomes

ments in the long term. directly and through the incentives they provide for resource
users. Life history characteristics and exploitation/conservation
status of the target population are the primary determinants
of biological enhancement potential (Lorenzon, 2005). Regu-
latory mechanisms at different stages in the life cycle deter-
Among the attributes, there are two types of interactionsiine the biological potential for increasing yields over and
operational interactions (Figure 1, solid lines) determine outhove the level supported by natural recruitment, and the con-
comes in the short term when the situational variables are ®xesmitant ecological impacts on the wild population compo-
Indynamic interactions (Figure 1, dashed lines), situational vanient. As a temporary measure for stock rebuilding, enhance-
ables are modi®ed in response to the outcomes of operatianeht is likely to be bene®cial only if the population has been
interactions. Both operational and dynamic interactions may ireduced to a very low proportion of its unexploited biomass.
volve direct physical-biological effects and effects nateld by Proposed enhancements can be 2screened® using populatior
stakeholder action. For example, in operational interactions, tin@deling to assess whether they are likely to add value to
release of cultured juveniles may add to the total abundanceotiier forms of ®sheries management (Lorenzen, 2005). The
catchable ®sh while partially replacing wild with cultured ®smobility of the target population also in uences whether those
(biological interactions). At the same time, ®shers' knowledgeno undertake enhancement activities will be able to reap

vol. 16 nos. 1+3 2008
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14 K. LORENZEN

the bene®ts, and thus has a major in uence on the inc&ielogical and Technical Attributes of Aquaculture
tives provided to stakeholders (Ostrom, 1990; Garaway et &roduction and Release
2006).
Biological and technical attributes of aquaculture production
) ] concern the husbandry and genetic management of broodstock,
Dynamic Interactions early life stages, and juveniles.

Effective enhancement by de®nition entails increasing and
thus modifying the target population. Where a wild target popu-
lation exists, it will almost inevitably be impacted to some exte§dperational Interactions
through ecological and genetic interactions with the released
®sh (Lorenzen, 2005). This may lead to partial or complete ke

placement of the *wild®-type ®sh by *hatchery®-type ®sh, ofte d thus the effectiveness of enhancement and its impact on any

concomitant with an overall reduction in ®tness and genetic di- : :
: i - ild population component. Plastic developmental responses to
versity (Ford, 2002; Utter and Epifanio, 2002). However, hatc?ﬁe culture environment and an altered selection regime have

ery supplementation can be instrumental in maintaining gene&?on almost alwavs neqative impacts on the capacitviof@s
diversity in very small wild populations (Hedrick et al., 2000) g ways negative imp pacity

| ts of enh t on the t i lati dt urvive, grow, and reproduce in the wild (Fleming and Petersson,
mpacts of enhancement on Ine 1arget popuiations need to 1). Rearing in semi-natural environments or provision of

gsvéci@c conditions and stimuli can be effective in reducing such
impacts (Olla et al., 1998; Brown and Dey, 2002). Genetic man-
agement is typically focused on maintaining the genetic char-
acteristics of the wild population where released and wild ®sh
are likely to interbreed (Frankham et al., 2002). However, inten-
'gnal selection for traits of interest may be applied where the re-
ed ®sh remain reproductively isolated, and may even be used
to promote such isolation (Jonasson et al., 1997; Mackey et al.,
2001). Release size, density, location, and timing strongly in u-
ence post-release performance of ®sh (Blankenship and Leber,
Operational Interactions 1995). While some simple generalizations have emerged with
respect to release size (Lorenzen, 2000), other aspects of release

Technical attributes of ®shing have a major in uence on thgrategies appear to be quite location speci®c and need to be
technical and economic ef®ciency of enhancements and th&jsluated experimentally.

impact on wild populations. Where harvesting is unselective for
released cultured and wild ®sh, and enhancement sustains an
overall increase in ®shing effort, pressure on the wild populatigp
is bound to increase (Lorenzen, 2005). Highly selective ®shin
techniques on the other hand can help to avoid additional ®shingAquaculture practices and release strategies may be modi-
pressure on wild populations, and may even reduce biologié@é®d and improved in the light of enhancement outcomes. This
interactions between wild and released cultured ®sh by removiagmportant because impacts of hatchery and release practices
the latter before they mature. The scope for selective harvestiny post-release performance are not readily known. Explic-
of released cultured ®sh varies greatly between ®sheries, but ithayexperimental approaches can be very effective in identi-
be expected to improve overall due to new developments in bdying improvements and should be considered where possible
mass-marking and ®shing techniques. It may also be possiti&nkenship and Leber, 1995; Leber 1999).

to use behavioral conditioning of hatchery ®sh before release in

order to facilitate selective harvesting (Balchen, 2001).

Sourcing of broodstock and aquaculture production practices
“uence both the phenotypic and the genetic quality of seed ®sh

culture production, and release regimes.

Technical Attributes of Fishing

Technical attributes of ®shing comprise the ef®ciency of t
gear(s) used in the ®shery and their selectivity for species
sizes of ®sh.

namic Interactions

Habitat and Environmental Attributes
Dynamic Interactions Enhancement outcomes are strongly in"uenced by habitat
Modi®cations in ®shing techniques and patterns may ocamd environmental attributes, and these in turn may be inten-
in response to new operational rules (institutional arrangemertishally or inadvertently modi®ed where enhancements are be-
or new ®shing opportunities or constraints created by enhaniog developed. Habitat and environmental effects are implicit
ment. Examples are the introduction of more highly selective the biological attributes of the target population (see above),
®shing methods or rotational harvesting in the Lao Lake abdt must be considered explicitly where habitat or environmen-
New Zealand scallop ®sheries enhancements discussed intdhmodi®cations occurbwhether or not these are linked to the
case studies below. enhancement initiative.

reviews in ®sheries science vol. 16 nos. 1+3 2008
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Operational Interactions Operational Interactions

Availability of suitable habitat for released ®sh is a key re- The con®guration of stakeholders, their interests and interac-
guirement for successful enhancement (Caddy and Defeo, 198&)s, have a major in uence on whether and how enhancement
Bell et al., 2005). Habitat availability need not extend to all lifénitiatives can be initiated and sustained. Shared interests anc
stages: many ranching systems or culture-based ®sheries exigins, and the presence of entrepreneurial individuals and skill-
where habitats are suitable for late juvenile and adult ®sh, fuitleaders, are often important (Ostrom, 1990; Garaway et al.,
not for early life stages. The biotic environment, in particula2006). Primary stakeholders (®shers and aquaculture producers
predation pressure, may also impact greatly on enhancemeraty need substantial human (skills and knowledge), ®nancial,
outcomes. and social (networks and relationships) capital to engaga+

hancements. Those engaged in ®shing as a 2survival® or #&semi

subsistence® activity (Smith et al., 2005) are likely to lack both

Dynamic Interactions the ®nancial capital to buy ®sh for stocking, and the skills and

Enhancement initiatives often interact dynamically Witr|§HCJ\I\/|8(jge to produce them. They may thus .be unable to '!’““ate

. . : . : ._enhancements even where these may be highly bene®cial onc
habitat and environmental modi®cations. Direct physmaﬁ- : . : :
. .. . : -pperational. The physical, human, and ®nancial assetalaeai

biological impacts are most often associated with culture facili- . . .

0 aquaculture producers can greatly constrain their capacity

ties and thus localized. Impacts on foodweb structure and fu.r'eg'adopt production methods that optimize post-release perfor-

tioning can be more signi®cant, forexample, in predatorstocklpr%nce and minimize genetic problems even where, in principle
or the release of herbivorous ®sh to control aquatic vegetat{ n ' '

(FAO, 1999). In other cases, ecosystem level impacts have been would be possible.
foundto be surprisingly limited despite intensive stocking of om-

nivorous exotic species (Lorenzen et al., 1998; Barthelmes dpgnamic Interactions
Braemick, 2003). The mostimportant habitat and environmental Enhancementinitiatives can bring aboutfar-reaching changes

effe;cts of gnhancgments are ofFen thoge mediated t?y Stakehc,’ilﬁ%'iakeholder attributes. This concerns the basic con®guratior
action. Th's may include allowing h?‘b't"?‘ts o deteriorate Wh'lgf stakeholders (emergence of new organizations and ways of
attempting to compensate for ®sheries impacts through relee}ﬁ[‘?racting), and key assets such as human capital (new knowl-

of cultured ®sh (Taylor, 1999). On the other hand, releasese(age and skills that may also be transferred to other activities),

cultured ®sh for population restoration or rebuilding maypred@'nancial capital (individual, corporate or group income), and

iFate major investment; in habitat improvemen't.s., such as pOI%cial capital (new opportunities to engage in networksead
tion control or the building of ®sh passage facilities (Ph'“pparéhanges) (Garaway, 2006). However, some stakeholders may

1995; Prignon etal., .1999).' Many pro_ductipn-oriented_enhancl?e- disadvantaged by enhancements, for example, due to nev
ments bene®t from intentional manipulations of habitats (e'pestrictions on access to resources. and this can lead to con
fertilization of reservoirs; De Silva, 2003) or biotic interactions}lc,[S Con'icts are most likely to aris;e where stakeholders are

(e.g., predator control; Bell gt al., 2905) to improve proqumi\ﬁgterogeneous.
ity of the released stock. It is thus important to recognize an
manage interactions between aquaculture-based enhancements
and habitat and environmental modi®cations in order to achiddarket (Supply and Demand) Attributes
positive outcomes for the ®sheries system as a whole.
This concerns the extent to which markets exist for the inputs
and outputs of enhancements, and their structure and dynamics

Stakeholder Attributes Operational Interactions

Stakeholders are those persons, groups, and organizationMarket structure and dynamics can play a major role in de-
with a valid interest in the enhancement or the pre-existing ®$tmining the technical attributes of the system and its economic
ery (Grimble and Chan, 1995). Key attributes of stakeholdeyibility, and should be studied carefully. The extent to which
include their speci®c interests in the enhancement, the strerifjftits and outputs are subject to markets varies greatly. For ex-
of their in"uence, and their interrelations. Primary stakehold®mple, markets for ®sh for stocking may be nonexistent where
ers are those who interact directly with the biological-technicBP aquaculture industry exists, while in other cases there may
attributes of the enhancement and typically derive their livelpe very competitive markets supplying grow-out aquaculture
hoods from it, while secondary stakeholders are all others wRtpducers or even speci®cally the enhancement sector. Aimos
may in uence the system. Livelihoods comprise the assets (natways there are inputs and outputs that are not marketed or val
ural, physical, human, ®nancial, and social capital)yitiets, Ued, such as certain environmental goods and services. Ther
and access to these which together determine the livingedairts, however, an increasing tendency towards valuation of such
by the stakeholder (Allison and Ellis, 2001; Smith et al., 20053Spects and the creation of markets for them (Arnason, 2001). It

reviews in ®sheries science vol. 16 nos. 1+3 2008
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is also important to understand exactly what is being marketexintrol, and welfare (Pickering, 1999). Rules on ®sh stocking
in recreational ®sheries, this is often the recreational expento natural waters are becoming increasingly restrictive, as are
ence rather than the ®sh per se, and the relationship betwetter environmental regulations. Rule compliance is often poor
®sh abundance and recreational demand may be much weaktr respect to the aquaculture production, release, and the har-
than often assumed (Loomis and Fix, 1998). Often enhancemeasting side of the operation (i.e., the patterns of interaction are
inputs and outputs interact in markets with those of captuvery different from those intended). Particular institutional chal-
®sheries, aquaculture, and other activities, and this may h#amges arise because most ®sheries enhancements are developed
important implications where the other sectors undergo signift common pool resources which are used jointly by multiple
icant changes (Delgado et al., 2003). For example, the riseuskrs that are dif®cult to exclude and regulate, and whose joint
salmon aquaculture and associated decline in salmon prices bses involves subtractability (Ostrom, 1990). In such resources,
greatly reduced the pro®tability of salmon enhancement pin-the absence of regulation and/or the allocation of property or
grams (Arnason, 2001). use rights, there tend to be strong incentives for users to behave
in ways that lead to unsustainable outcomes for the ®shery as a
whole. Providing adequate incentives to avoid this outcome is
a core problem in ®sheries management (Hilborn et al., 2005).
Development of enhancements could and sometimes dé@¥hancements are particularly vulnerable to unsustainable pat-

affect markets through changes in demand and supply. In soi@ens of behavior because they require investment into the re-
locations, such as European inland waters, specialist markegsirce. Institutional analysis suggests that the collective choice
for ®sh for stocking are well established. In general, howevand external arrangements have a major in uence on rule com-
enhancements make only minor contributions to markets dorpliance. Compliance is best where operational rules have been
nated by capture ®sheries and aquaculture inputs or outputsngee with participation from primary stakeholders and adapted
that the in uence of enhancement on market characteristicdéslocal conditions; rule monitors are primary stakeholders or
very limited. are at least accountable to them; there are low-cost mechanisms

to resolve disputes, and the rights of stakeholders to devise insti-

tutional arrangements are not challenged by external authorities
Institutional Arrangements (Ostrom, 1990, 1999).

Dynamic Interactions

Institutional arrangements are the rules and regulations per- ) )
taining to the enhancement ®sheries system. The most critle¥namic Interactions
institutions to understand and manage usually are those that reg;sting institutional arrangements may be transformed dra-
late to harvesting (including access and ownership issues); Rifsically during enhancement initiatives, and indeed such trans-
those governing aquaculture production, release, and envirgllmations are often essential for sustainable enhancements to

mental impacts can also have importantimplications (Pickeringaye|op. Availability of enhancement technologies and invest-
1999; Walrut, 2002). Institutional arrangements in common poglent in the resource can provide the impetus for institutional
resources, such as most ®sheries, can be structured into threecm(ﬁge that can lead to improved incentive structures and re-

els: (1) Operational rules for resource use; (2) Collective choigg,,rce user behavior. Such transformations are facilitated where
rules which determine how operational rules can be made % nymper of decision makers is small, and their interests are

stakeholders; and (3) External arrangements. Institutional gfa|| aligned with those of the key stakeholders and by supportive

rangements may be formal or informal. external arrangements (Ostrom, 1990). The transformed insti-
tutional arrangements can be far more effective at regulating
Operational Interactions resource use than those previously in place, and this may play a

greater role in determining outcomes than the release of cultured

Institutional arrangements should provide a means for co@iish per se (Garaway et al., 2006; Drummond, 2004; Tomiyama
dinating the different parts of the enhancement ®sheries sysigrg|., 2008).

such that each part operates in a way that contributes to a posi-

tive overall outcome. Unfortunately, many enhancements oper-

ate without arrangements that allow for such coordination, artSHERIES SYSTEM TRANSFORMATIONS

rules pertaining to individual parts of the operation may con ichSSOCIATED WITH SUCCESSFUL ENHANCEMENTS:

with practices that are deemed desirable in enhancements. P8O CASE STUDIES

example, the practice of replenishing captive broodstock with

wild ®sh on a regular basis to minimize domestication effects To illustrate the dynamics of enhancement ®sheries systems,
may con'ict with bio-security protocols aimed at establishing brie'y review two examples of systems that have reached a
disease-free broodstock. Rules and regulations regaadjng- fully operational scale and broadly achieved their objectives.
culture production may be extensive and cover inter alia facilitp reviewing the examples, | make use of the framework set
design and operation, stock management and movement, diseag@bove and describe ®rst the structure of the ®sheries system
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before enhancement, then the transformation process involve®sh in the ®shery. This exploitation pattern has created a 2size
developing the enhancement, and ®nally the resulting enhaneduge ° and led to a dramatic increase in the abundance of native

ment ®sheries system. wild ®sh populations (Lorenzen et al., 1998). Economically, the
enhancements have generated substantial income for commune

Lake Fisheries Enhancement in Laos projects and bene®ted poorer groups disproportionately througt
reduced contributions to community development (Garaway,

Pre-Enhancement Situation 2006). Villages operating enhancement have also been found tc

strengthen their capacity for further collective action and their

Floodplain lake ®sheries in Laos are very heavily exploiteghility to access support for other initiatives. There have been no
yielding around 100 kg K& of mostly small ®sh. Returns tosjgni®cant con'icts over the changes in management, and the
®shing effort are very low, but suf®cient to make ®sh the dorgystems have become not only self-sustaining but have spreac
nant source of animal protein. Several factors contribute to thigpidly to other villages. The enhancements have thus gener-
outcome. The lakes are easily accessible, shallow, and dISC@@j a wide range of ecological, economic, and social bene®ts
bodies of water. A plethora of ®shing gear is made locally @ addition to an increase in resource productivity. Key reasons
cheaply available to buy. Livelihoods are diversi®ed but mos#yr this success include the effective and economically ef®cient
subsistence oriented, with a great reliance on ®sh for nutriti@fhancement technology itself, and institutional arrangements

(Smith et al., 2005). Opportunity costs of ®shing are low amBat meet virtually all the design criteria described by Ostrom
access generally open to local people, so that very high ®shinggo).

intensities are sustained despite of low returns.

Transformation The Southern Scallop Fisheries Enhancement

in New Zealand
Lake ®sheries enhancement started in 1994, with transfor-

mations tha_t affected mo;t situational variaples. Enhancemepls_Enhancement Situation

were established mostly in lakes close to villages, where mon-

itoring of rule compliance is easy. Fishing techniques were The Southern Scallop Fishery developed from 1959. A dra-
changed to focus on the ef®cient harvesting of large stockgétic expansion in ®shing effort occurred in the 1970s, with
®sh. Juveniles of Nile tilapiadfeochromis niloticus niloticys yield peaking at over 1200 tin 1975 and rapidly declining there-
and Indian and Chinese major car@r¢hinus mrigala Labeo after. The sedentary nature of the resource, its highly variable
rohita, Aristichthys nobilis Hypopthalmichthys molitrixwere recruitment, the availability of effective harvesting methods, and
obtained from the aquaculture seed market and released iigh marked demand all contributed to a rapid build-up of ®sh-
the selected lakes. The objective of primary stakeholders (thg effort. Most importantly, although various spatial and gear
villagers) to engage in enhancements was to raise communalgstrictions had applied, entry to the ®shery was unrestricted
come for infrastructure development, as well as raising ®sheriggil 1977 (Drummond, 2004).

production and strengthening collective action. Costs of stock-

ing were initially shared between villages and government. ffyansformation

most stocked lakes, villages restricted access for individual ®sh- . i .
ing and instead instigated communal harvesting and macketi 1€ ®shery was closed in 1981 and re-opened in 1982 with
systems, or allocated exclusive rights to the ®shery to a harvéstadically revised management framework of which enhance-
ing group in return for a fee. External help with the improvement formed an important cornerstone. F|sh|ng effo_rt was re-
ment of management systems was provided through spatiﬁwced by about 75%, and rotational harvesting was introduced
replicated, participatory experiments supported by internatiors the enhancement program developed. The Japanese technc
development projects (Garaway et al., 2006). Several fact@@ for scallop enhancement was adapted (from on-growing
promoted these transformations, including the ready availatfi- SPat in lantern nets to shorter on-growing in seed collec-
ity of seed ®sh from the aquaculture industry, the low numbi&rs) and introduced on an_operatlona_l scale. Individual trans-
of decision makers and participants and their similarity of inteférable quotas (ITQ) were introduced in the 1990s, and at the
est, presence of skillful leaders (enhancements did not evoR&Me time provision was made for a compulsory levy to re-
in villages where such leaders were lacking), and a changifigVe" the costs of enhancement from the quota holders. Use of

economic environment where village income could be used fefhancement technology played a key role in institutional de-
infrastructure development. velopment because it exempted the Southern Scallop Fishery

from the prescriptive management objective of maximum sus-
tainable yield (Arbuckle, 2000). A dedicated company (the
Challenger Scallop Enhancement Company) was set up by
The outcomes have been an increase in total yield but, in parQ holders to manage the enhancement operation, and this
ticular, muchincreased catch rates (CPUE). Thisis the result af@mpany has since taken a much more wide-ranging role in
much reduced ®shing intensity and the targeting of large stockadnagement. Other stakeholders, including recreational ®sher

Enhancement Outcome
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and community groups, have since joined the management piioular enhancement ®sheries systems. While not a fully speci-
cess. The enhancement initiative played a major role in facilitéed model, the framework provides an aid for thinking through
ing and motivating the innovation in the management systemtbk logic of enhancement ®sheries systems and exploring options
this ®shery. Other contributing factors included a “exible leder their further development. This is best done in two steps: (1)
islative environment, a non-coercive government approach, agstablishing how situational variables affect current outcomes of
the development of a collective and accountable managemtrd ®shery or enhancement, and (2) assessing how modi®cations
capacity (Arbuckle, 2000). in situational variables are likely to in uence outcomes. Causes
of current outcome are best understood by synthesizing the in-
formation on the system attributes within the framework, and
then working backwards from the known outcomes to identify
Scallop catches rebounded, and seeded scallops accouhtmt these are determined by situational variables directly and
for the dominant share of the catch during the period of réhrough the patterns of interaction. To predict likely outcomes of
covery in the early-mid 1990s (Drummond, 2004). Econoniuture development or modi®cation of situational variables, it is
ically, the enhancement ®shery has been successful. Institest to work forwards through the framework while drawing on
tional arrangements have proved sustainable and resilient, #&m& understanding gained in the ®rst step. This should be don
are being continuously developed and adapted. At the tiroensidering both operational and dynamic interactions.
of writing, oceanographic conditions have led to low overall The analysis of particular interactions draws on relevant dis-
yields, and the economic viability of enhancementis being quesplinary knowledge of resource ecology and population dy-
tioned, but the innovative ®sheries system transformations mamics (Walters and Martell, 2004; Lorenzen, 2005), popula-
tivated by enhancement are likely to remain (Arbuckle, persortan genetics (Utter and Epifanio, 2002; Miller and Kapuscinski,
communication). 2003), hatchery production and release strategies (Blankenship
and Leber, 1995; Olla et al., 1998; Brown and Dey, 2002), ®sh-
ing practices, human sciences, economics (Arnason, 2001), and
institutional analysis (Ostrom, 1990; Garaway et al., 2006). In-
Both of the above enhancements have been successful in gegrated analysis is thus fundamentally an interdisciplinary task,
erating a wide range of ecological, economic, social, and instiest conducted by multidisciplinary teams with a strong ethic of
tutional bene®ts. Despite the very different settings, there ammbining disciplinary rigor with the integration of perspectives
striking similarities in the way these enhancements have affectatd results across disciplines.
the existing ®sheries systems. Both involved major transforma-
tions of the ®sheries system: development of culture and release
techniques, radical changes in harvesting regimes, and newlifhking to Quantitative Assessment
stitutional arrangements. Innovation was required in multiple ar-

eas, often achieved through interaction between eﬂtl’epl’eneuriabuantitative assessment of outcomes and their responses to
practitioners and technical experts. Releases of cultorgan- changes in situational variables is important for several reasons.
isms (the de®ning feature of enhancement) were instrumemtgt, quantitative bene®ts such as increased target population
in initiating or facilitating system transformations, but not necgbundance, yield, or economic rent are often the motivation for
essarily the most important factor contributing to the ultimaignhancements and thus crucial indicators of success. Second,
outcomes. Changes in the harvesting regime in the light of equantitative tradeoffs between enhancement, effort, and habi-
hancement, informed by quantitative ®sheries assessments, Wrganagement determine whether enhancement adds value to
important contributing factors to success. Institutional arranggther forms of management. Third, quantitative analysis, even if
ments were modi®ed to allow a high level of control througfarried out under conditions of large uncertainty, provides a 2re-
effective communal governance and/or the allocation of indijity check® for often exaggerated expectations by, or promises
vidual access rights. Both initiatives involved constructive efg, stakeholders.
gagement of ®shers, government, and other stakeholders overhere has been considerable development of population dy-
extended periods. namics theory and assessment methods for enhancements in the
very recent past (Walters and Martell, 2004; Lorenzen, 2005;

Sharma et al., 2005). An assessment tool based on a general
ANALYZING ENHANCEMENT FISHERIES SYSTEMS population model for enhancements (Lorenzen, 2005) is now

Enhancement Outcome

General Lessons

IN PRACTICE available in the freeware packa@@mhanceFish(Medley and
Lorenzen, 2006). There are also a number of more ®shery-
Gaining a Broad Understanding speci®c models, such as the AHA model now used to assess

many Paci®c salmon hatchery operations in the U.S. (Mobrand,
The framework outlined above, together with the more ddenes, and Stokes Associates, 2006). Such models provide pow-
tailed survey of situational variables and interaction pathwayexful and general tools for evaluation of enhancement programs
can be used to structure and guide the integrated analysis of fiim early planning to full-scale operation. The required model
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Table 2 Qualitative design criteria for biological-technical components of enhancement ®sheries systems serving different objectives

Sea ranching or culture-based ®sheries Stock enhancement Restocking Re-introduction
Objective of management Increase yield or Increase stock and yield or Increase stock and avert  Re-establish populations in
opportunity to catch opportunity to catch loss of genetic diversity historical range
Management release Early stages/juveniles, high Juveniles, high density Any life stage, low density  Any life stage, low density
density
Fishing intensity High High or low Low Low
Genetic management Possibly selection for high Selection for high return or Preserve wild population ~ Assemble diversity of
return to ®shing gear preservation of wild genetic characteristics adaptations or use stocks
population characteristics adapted to similar
habitats
Developmental Sterility, conditioning for Conditioning for natural Conditioning for natural Conditioning for natural
manipulations in natural environment and environment and environment environment
aquaculture return/recapture return/recapture, possibly
sterility
Auxiliary habitat and Habitat enhancement Habitat enhancement or Habitat restoration, control Habitat restoration, control
environmental restoration of non-native species of non-native species

modi®cations

parameters may be estimated from three principal sources: ¢l forms of property rights, including full private ownership.
guantitative assessments of the wild stock, (2) release exp@itie key is to provide incentives to individual operators in the
ments with marked ®sh, and (3) comparative empirical studi®shery to show behavior that contributes to positive outcomes
and meta-analyses. The latter are now available for virtuallidilborn etal., 2005). It should be noted that the way in which de-
all parameters of interest, so that it is possible to conduct esisions about the enhancement ®sheries system are made (i.€
ploratory analyses even when there are virtually no stock spect®e collective choice and external institutional arrangements)
data (see Lorenzen, 2005, 20086, for references). is as important as the decisions themselves when it comes tc
promoting appropriate behavior of stakeholders (Ostrom, 1990,
Hilborn et al., 2005).

Design Criteria for Successful Enhancement
Fisheries Systems
A PROCESS FOR DEVELOPING ENHANCEMENT
Enhancement ®sheries systems are highly diverse, and SUSHERIES SYSTEMS
cessful outcomes tend to arise under quite speci®c circum-
stances: when conducive pre-existing situational variables com-It is clear from the above considerations that enhancement
bine with appropriate transformations of others. While thimitiatives are most likely to contribute positively to manage-
makes it dif®cult to identify general design criteria for successfulent goals if their development is guided by a broad-based,
enhancements, the following two considerations may be helpfategrated, and quantitative analysis of their role in the ®sheries
in the analysis and design process. system. Even though approaches to integrative analysis (suct
First, the biological-technical components of the enhancas the one described here) and tools for quantitative assessmer
ment ®sheries systems (aquaculture production and release,dfaenhancements (Walters and Martell, 2004; Lorenzen, 2005;
vest technology and regulations, habitat manipulations) sho@tarma et al., 2005) are becoming available, it will never be
be designed, individually and in combination, to meet the sppessible to design successful enhancements a priori or in an
ci®c objectives of the intervention. Different objectives (Be#ntirely top-down manner. Most successful enhancement initia-
et al., 2008) call for very different designs. Restocking to réives involve leaps of faith as well as technical and institutional
store depleted spawning stock biomass, for example, requiir@sovation, often driven by stakeholders other than scientists.
genetic management to preserve wild population characterisfidse challenge is to bring rigorous analysis and the best avail-
and a low ®shing intensity to allow spawning biomass to recovahle science into the development process. This section outlines
Sea ranching, on the other hand, can bene®t from genetic sedeparticipatory, integrated process for developing enhancement
tion for traits that improve return rates and intensive ®shing &sheries systems (Figure 2). The process may be initiated anc
maximize recapture of release ®sh. An outline of design criteféilitated by any stakeholder or even an outsider, but it must
for different objectives is given in Table 2. draw in all key stakeholders to gain legitimacy. The suggeste
Second, effective institutional arrangements are requiredpoocess has ®ve steps:
control exploitation and promote investment in the resource. Step 1: Engage stakeholdeEngagement of stakeholders is
These may take a variety of forms, from effective commoreritical for several reasons. Stakeholders can make invaluable
pool resource management institutions (Ostrom, 1990) to vacontributions to the analysis due to their intimate knowledge of
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Figure 2 Suggested process for developing or improving enhancement ®sheries systems.

the system and, not least, their own motivations and behavior @905; Medley and Lorenzen, 2006). It is particularly important
der avariety of circumstances. Stakeholders, not analysts, shatlthis stage to evaluate the potential for enhancement technolo-
make development and management decisionsba democragies relative to and in combination with ®shing regulations and
imperative and, in itself, a strong incentive for abiding by thkabitat management.

decisions made. Finally, it must be remembered that stakeholdeiStep 4: Initiate management action and monitoring or dis-
actions drive the development of the enhancement ®sheries spstinue the initiativeClearly, this is the most dif®cult step in
tem, and that such actions are informed by perceptions of tthe development process and one that may require years of in-
system’s status and potential. Close involvement of stakeholdams/ation and negotiation in any real ®sheries system. Outcomes
in the analysis helps to ensure that perceptions re ect the actohBteps 2 and 3 are communicated to stakeholders. This may
state of the system. In the initial step, stakeholder analysis mayolve de®ning speci®c communication objectives and means
be used to identify stakeholders and establish the nature &odeach group of stakeholders, based on the group's current
strength of their interests and interactions (Grimble and Chdmowledge and practice, and the desired effect of communi-
1995). Stakeholder analysis in itself may kick-start a participaation (Norrish et al., 2001). Decision-making by stakeholders
tory process, which may be further invigorated by some form about management and development options may be facilitated
participatory problem analysis such as Participatory Rural Apy technigues of multi-objective decision-making such as trade-
praisal or Participatory Learning and Action (Chambers, 199@&ff analysis (Janssen, 1994). At this stage, the initiative may be
Pretty, 1995). This will help to create institutional arrangementkscontinued if Steps 2 and 3 indicate that the bene®ts of en-
(formal or informal) that allow effective two-way interactionhancement are likely to be lower than those of alternative op-
between various stakeholders and analysts, i.e., co-managertiens, or very uncertain. Depending on the level of uncertainty
arrangements (Pomeroy and Berkes, 1997). Many participatampredicted outcomes, explicitly experimental management ac-
approaches have their origin in international development, kidns may be implemented and their outcomes monitored to gai
are easily adapted for use in the developed world. crucial information (McAllister and Peterman, 1992; Walters,

Step 2: Understand the enhancement ®sheries systeml997; Garaway and Arthur, 2002).
broad, integrated analysis of the enhancement ®sheries syste@tep 5: Evaluate outcome®@utcomes are evaluated jointly
is conducted using a suitable framework such as the one outlinsdanalysts and other stakeholders. If outcomes are judged to be
above. The information required is obtained from a variety ainsatisfactory or sub-optimal, the analysis and development cy-
sources including stakeholders and published information. ofe may be reiterated. The knowledge gained is incorporated
key element of this step is to identify development objectivébe understanding of the enhancement ®sheries system (Step 2),
and possible courses of action including, but not limited to, ethe quantitative analysis re®ned (Step 3), and new management
hancements. The analysis is best done by an interdisciplinagtions initiated.
team in direct interaction with stakeholders. It may draw on
a variety of disciplinary frameworks such as in Cowx (1994),
but the participatory process should not be reduced to workifdSCUSSION
through decision aids.

Step 3: Conduct quantitative analysiQuantitative analy- The framework and process suggested here are de®ned in very
sis draws on the ®sheries system attributes, interactions, deliebad terms to allow application to a wide range of enhancement
opment options, and objectives identi®ed in Step 2. Key ref@sheries systems and promote creativity as well as rigor in de-
tionships are described and analyzed quantitatively, using megiopment. In practical application, some ambiguity can arise
els and assessment tools (Walters and Martell, 2004; Lorenzas,to where and how particular attributes or interactions 2®t°
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into the framework, but this is not important. The purpose @frbuckle, M. Fisheries Management under ITQs: Innovations in
p purp
the framework is to encourage and facilitate rigorous integratedNew Zealand's Southern Scallop Fishery. Paper presented at
thinking about the enhancement ®sheries system, not provide #ie 2000 Conference of the International Institute of Fish-
fully speci®ed model or assessment scheme. eries Economics and Trade (lIFET). (http://oregonstate.edu/
The framework outlined here differs from others that have Dept/IIFET/2000/papers/arbuckle.pdf) (2000); Retrieved, August

been proposed and used (e.g., Cowx, 1994; Blankenship %}é& 2007.

. . . ason, R. The economics of ocean ranching: Experiences, outlook
Leber, 1995) in that it takes a broad systems view of enhanc_e-anol theory. FAO Fisheries Technical Paper No. 413 (2001).

ments and accords equal weight to the dynamics of their Bizchen 3. G, Thirty years of research on the application of cyber-
ological and human components. | argue that an integratedyetic methods in ®sheries and aquaculture techndldggel. Ident.
quantitative, and participatory analysis of the contribution en- control, 21: 3+64 (2001).

hancement could make to ®sheries management goals cangithelmes, D. and U. Braemick. Variability of a cyprinid lake ecosys-
should be conducted at the very beginning of any enhancementem with special emphasis on the native ®sh fauna under intensive
initiative. This differs from some previous frameworks that em- ®sheries managementincluding common cagp(inus carpigand
phasize development of culture and release techniques beforgilver carp Hypophthalmichthys molitr)x Limnologica 33: 10+28
engaging with ®sheries management issues. Finally, ttegso _ (2003). _

suggested here places as much emphasis on stakeholder a8fgn?J: -+ P- C. Rothlisberg, J. L. Munro, N. R. Loneragan, J¥
and innovation as on rigorous assessment and evaluation; bot ash, R.D. Ward, and N. L. Andrew. Restocking and stock enhance-

. ment of marine invertebrate ®sheridslv. Mar. Biol, 49: 1+370
aspects are important because no successful enhancement, or if; 05)

deed ®sheries management system, is Iikely to emerge withgéﬁ, J. D., K. M. Leber, H. L. Blankenship, N. R. Loneragan, and
the former, no matter how well we deal with the latter. De- R \asuda. A new era for restocking, stock enhancement and sea
spite some differences in scope, approach, or spirit, by and larg@anching of coastal ®sheries resourdeev. Fish. Scj.16; 1+9

the earlier frameworks are easily integrated into the one out-(2008).

lined here and continue to provide essential guidance on spé&nkenship, H. L., and K. M. Leber. A responsible approach to marine
ci®c analyses and procedures. Blankenship and Leber's (19953tock enhancememm. Fish. Soc. Sym5: 67+175 (1995).
responsib|e approach can guide deve|0pment of an enhar@@wn, C., and R. L. Dey. The future of enhancements: Lessons for

ment initiative following the initial Steps 1 to 3 of the process hatchery practice from conservation biologysh Fish, 3: 79+94

outlined here. Cowx (1994) provides guidance on ecological as{(2002). _ ) .
dy, J. F,, and O. Defeo. Enhancing or restoring the productivity

sessments that are required to evaluate enhancement pote : I

Genetic management issues can be evaluated following MiIIerOf natural populations of shell®sh and other marine invertebrate re-
d inski h . d detailed pl sources. FAO Fisheries Technical Paper No. 448. Rome (2003).

a,n Kapuszins '(2(_)03)' Where very.speC|®(_: aﬂ etailed p %’ambers, R. Rural appraisal: Rapid, relaxed and participatory. IDS

ning procedures exist, for example, in certain inland enhancepjscyssion Paper No. 311. (1992).

ment, the broad framework outlined here may be used to condgghrles, A. TSustainable Fishery Systen@xford: Blackwell Science
an open-minded review of procedures with a view to identifying (2001).
possible innovations. Cowk, |. G. Stocking strategieBish. Manage. Ecol.1: 15+31. (1994)
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